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Storage of Whole Blood: Effectof Temperature on the Measured Concentrationof Analytes in Serum
Nadja N. Rehak and Betty T. Chlang
We measured the concentrations of 29 commonly measured analytes in fresh sera and in sera that had been stored as whole blood at seven different temperatures for 24 h. We determined the effect of storage temperature and prolonged contact with cell clot on the measured concentration of each analyte, with fresh serum asthecontrol. Significant differences were observed for concentrations of creatinine, glucose, inorganic phosphorus, potassium, and both aminotransferases. The extent of these differences was temperature dependent. Values for the remaining 23 analytes examined were essentially unaffected by the storage.
Additional Keyphrases: variation, source of sample handling
For most routine assays in a clinical laboratory, serum is the sample. Generally, the laboratory receives the specimen in the form of whole blood, then separates the serum from 
Sample Collection and Handling
Twenty apparently healthy volunteers were divided randomly into two groups of 10 (groups 1 and 2). Multiple 10-mL samples of whole blood were collected by a single venipuncture from each volunteer and were placed into serum separation tubes (Vacutauner Tube no. 3821; Becton Dickinson, Rutherford, NJ 07070).
Samples were allowed to clot at room temperature for 30 mm. We then centrifuged (1630 x g, 15 mm) one sample from each volunteer and analyzed the separated serum without delay (control serum). In addition, one sample from each of the 10 volunteers was stored for 24 h at each of the following temperatures: 3 and 22 #{176}C (group 1); 25 and 30#{176}C (group 2); 10, 15, and 38#{176}C (five from each group). After storage, the samples were centrifuged and analyzed without further delay.
Measurement and Calculations
We determined the concentrations of albumin, calcium, cholesterol, chloride, creatinine, glucose, sodium, potassium, inorganic phosphorus, bilirubin (direct and total), total protein, uric acid, urea nitrogen, total C02, alkaline phosphatase, alanune arninotransferase, aspartate aminotransferase, creatine kinase, and lactate dehydrogenasein serum, with the sic and immunoradiometric assay (thyroxin-binding globulin, thyrotropin) only on samples that were stored at 3 and 22#{176}C.
One sample that was stored for 24 hat 3 #{176}C showed visible hemolysis and was excluded from the study.
The effect of storage on serum analytes was evaluated in a paired comparison of control and stored samples. The mean value of the paired differences, , was calculated for each analyte and was tested for significance by Student's paired ttest. The mean analytical recovery and the mean percentage change, %, of serum analytes was calculated for each temperature, with the appropriate mean control value, X, used as 100%.
Results
Most of the serum analytes we measured were unaffected by the extended storage of serum with the cell clot at temperatures of 3 to 38#{176}C. The observed variations between test results for controland stored samples were within the expected day-to-day precision of the analytical methods used. The calculated analytical recovery ranges for those analytes that were negligibly affected by storage (within ±2 SD of the method) were as follows: ALP (98-104%), AML (104-110%), GT (103-107%), LIP (100-102%), Ca (98-'Nonstandard abbreviations: ALB, albumin; ALP, alkaline phosphatase (EC 3.1.3.1); ALT, alanine aminotransferase (EC 2.6.1.2); AST, aspartate aminotransferase (EC 2.6.1.1); AML, ainylase (EC 3.2.1.1); CHO, cholesterol; CK, creatine kinase (EC 2.7.3.2); CRE, creatinine; DBL, "direct" bilirubin; GLU, glucose; GT, gammaglutamyltransferase (EC 2.3.2.2); U), lactate dehydrogenase (EC 1.1.1.27); LIP, lipase (EC 3.1.1.3); TBL, total bilirubin; TP, total protein; T3, triiodothyronine; T4, thyroxin; TBG, thyroxin-binding globulin; TR, thyrotropin; UA, uric acid; UN, urea nitrogen. UN (92-100%), T3 (101-102%), T4 (101-103%) , TR (95-108%), and TBG (100-100%). Figure 1 illustrates the effect of storage for the other serum analytes.
Significant changes
(1)>50%) induced by storage were found for GLU, P, K, and both transaminases, the extent of these changes depending on the storage temperature. At storage temperatures >22 #{176}C, the decrease in GLU concentration and the increase in P concentration were directly proportional to the storage temperature (average of -3.5%, or 0.19 mmol/L, and + 14%, or 0.15 mmol/L, for each #{176}C, respectively). The largest increases in the concentration of K occurred at 3 and 38#{176}C. The average increase in K concentration for each #{176}C was 8.5% (0.36 mmol/L) at storage temperatures of 15 #{176}C and 13% (0.56 mmol/L) at those of 30 #{176}C. The smallest changes in K -P0.4 mmol/L were observed at 22 to 25 "C.
The activity of both anunotransferases increased after storage at temperatures >22 #{176}C. However, there was a consistent decline in activity of ALT at temperatures 30 #{176}C and an abrupt decline in activity of AST at 38#{176}C.
The creatinine concentration increased by 23-40% at storage temperatures 25 #{176}C. The activity of LD and CK increased by -P30% at 3#{176}C.
In a separate experiment we measured the activities of ALT and AST before and after incubation of eight serum samples for 24 h at 38#{176}C. At this temperature the average loss in ALT activity was much greater than that in AST activity, the mean analytical recovery of 46% of the initial ALT activity being 205 UIL as compared with a mean recovery of 95% of the initial AST activity of 338 U/L. Table 1 summarizes the results for serum from blood specimens from three patients (A, B, C) that were stored at room temperature for extended periods of time (sample 2). Results for properly processed blood samples drawn before (sample 1) and after (sample 3) the stored sample are included for each patient.
Discussion
The adverse effect on laboratory results of prolonged contact between cells and serum has long been recognized, and immediate separation of serum from cells has always been considered essential to accurate laboratory test results.
The current recommendation of an acceptable time interval between blood drawing and serum separation is 2 h (1), a recommendation based on the reportof Laessig et al. (2), who observed changes in GLU, K, and LD after 2-h storage of cells with serum at room temperature.
In addition, storage of whole blood at room temperature is suggested if delays in separation beyond the recommended 2 h are expected (1). However, information regarding acceptable maximum delays with respect to specific laboratory tests is either nonexistent or vague. There are no helpful guidelines that would assist the laboratory in identifying those specimens that are unsuitable for analysis because of prolonged storage.
In this study we found that of the 29 serum analytes that we measured, only GLU, K, P, CRE, ALT, and AST were affected, even by 24-h storage of whole-blood specimens.
And of these, only GLU and K had their concentration in serum altered more than would be medically acceptable (i.e., K >8 mmoIfL, GLU <0.4 g/L) and, therefore, would warrant a further laboratory investigation.
In agreement with previous reports (2-5), we observed Test resultsfor three serumsamples(1,2, 3) for eachpatientare tabulated as follows: 2, sampleIdentifiedby laboratory as improperly handled specimen becauseof abnormally lowglucose concentration. I and3, samplesanalyzedin laboratorybefore (previous results) and after(followingresults)the improperly handledspecimen.Sample A2 was stored at roomtemperature for 16 clinically significant decreases in the concentration of GLU and increases in the concentration of K. This effect is well known and is described in all standard clinical chemistry textbooks.
Decreases in glucose concentration are the result of intracellular enzymic metabolism of glucose, mainly by erythrocytes, which is accompanied by transport of potassium into the cell (5, 6). In addition, potassium moves from the cell apparently via passive transport or leak (3-5) and the net effect on the extracellular concentration of potassium is the sum of these two processes.
The maximum increase in concentration of K was associated with the relatively slow cellular metabolism at 3#{176}C [T)(GLU) = -3.2%] and with the low concentration of GLU at 38#{176}C [Th(GLU) = -83.2%]. The smallest change in K concentration was found at 22-25 #{176}C (room temperature), with a mean increase equivalent to that caused by visible hemolysis (hemoglobin of 1.0 g/L).
Changes in the concentration of P became clinically significant with increasing storage temperatures. At temperatures >22#{176}C the concentration of P in serum increased almost linearly with increasing temperature to almost four times the baseline concentration at 38#{176}C. The source of the P was probably the erythrocytes, which have about a sevenfold intracellular P concentration as compared with serum. All affected analytes exhibited great sensitivity to small variations in the temperature.
The difference between the temperature that had no apparent effect and one that caused clinically significant changes in serum concentrations was only a few degrees. The largest such change was found for P; an increase of 3#{176}C in the storage temperature (from 22 to 25#{176}C) resulted in a concentration increase in serum of -50%. Even though the same shift in the temperature caused similar abrupt changes from control values for both aminotransferases and for CRE, the magnitude of these changes, when expressed in the appropriate concentration units, could not be considered clinically important:
11.8 and 12.8 UIL for AST and ALT, respectively, and 3.0 mg/L for CRE. Such changeswould be noticeable only for samples with initially high concentrations of CRE or activities of AST and ALT and could potentially be indicative of improper handling procedure. However, this temperature-induced alteration of P, CRE, ALT, and AST is especially important, because it can occur as a result of storage of a whole-blood sample at "room temperature."
This temperature can range from 22 to 25#{176}C or higher. Furthermore, when delays in the separation of serum from clot are unavoidable, the sample should be stored at -22#{176}C, because at this temperature the changes in serum analytes because of storage are, except for glucose, negligible.
The effect of storage on the concentration of CRE was further enhanced at temperatures >25 #{176}C, but the net effect on activities of aminotransferases was reversed, resulting in a relative decrease in activity of ALT at 30 #{176}C and a paradoxical drop in activity of AST at 38#{176}C. Because this loss of enzymic activity occurred at the higher temperatures, the observed effect could be due in part to the temperatureinduced inactivation of the aminotransferases rather than solely the influence of cell-serum contact. Storage of serum at 38#{176}C did affect both anunotransferases, but the average loss of ALT activity (54%) was much greater than that of AST (5%). Thus, inactivation of AST at 38#{176}C could not account for the relatively sharp decrease in the AST activity at this temperature, and, at present, this effect can be regarded as cell-induced.
We conclude that an abnormally high K concentration in the absence of visible hemolysis could be indicative of prolonged refrigeration of the blood sample, whereas an abnormally low value for GLU, alone, or in combination with increased values for P, K, ALT, AST, and CRE could be a result of prolonged storage of blood sample at temperatures 22 #{176}C. Inour laboratory, the time of blood drawing is confirmed with patient-care personnel for all routine serum CLIN.CHEM.34/10, 2114-2117(1988) samples with an abnormally low GLU or high K concentration, or both. This allows us to identify patients' samples that were stored for unduly long periods of time. Samples for which storage at "room temperature" was confirmed are seen to have low concentrations of GLU, with or without changes in the concentration of P, CRE, ALT, and AST as compared with previous patients' results. For these samples, the storage effect on serum K was not clearly apparent, suggesting that the storage temperatures ranged between 22 and 30#{176}C.
In contrast, all samples that were found to be "mailed-in whole-blood" specimens from outpatients had a physiologically unacceptable K4 concentration (7-12 mmol/L) that probably was induced by storage in ice and (or) in a refrigerator.
Representative examples of results for patients' samples that were stored at room temperature are shown in Table 1 . For a complete comparison, all measured serum analytes are tabulated on both the properly handled (samples 1, 3) and the stored (sample 2) samples. These observations coincide with the results of our study, and they support our suggested procedure for identification of improperly handled patients' samples.
